Introduction {#sec1}
============

For more than five decades, DADs (1,4-diaza-1,3-dienes) of the composition R--N=C(R′)--C(R′)=NR have been employed as highly useful ligands for main group elements, transition--metals, and f-elements.^[@ref1]−[@ref4]^ As illustrated in [Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}, DADs are redox noninnocent ligands which can undergo a reversible stepwise reduction to the radical anion and the enediamide dianion.

![Reversible Stepwise Reduction of 1,4-Diaza-1,3-dienes](ao0c02414_0004){#sch1}

[Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"} illustrates the typical coordination modes found in metal DAD complexes. Mononuclear complexes can contain neutral (**A**), radical monoanionic (**B**), and dianionic enediamide-type DAD ligands (**C**) in a characteristic κ*N*,κ*N*′-chelating coordination mode. η^4^-Coordination of the π-electron system is also possible in monometallic complexes. In this case, the metal atom is located above the C~2~N~2~ plane (*cf.*[Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}**D**). Different combinations of σ- and π-coordination modes were found in dinuclear DAD complexes, including the symmetric σ^2^-coordination of the two nitrogen atoms (**E**) and a mixed σ,π-coordination mode (**F**).^[@ref1]−[@ref5]^

![Different Coordination Modes of 1,4-Diaza-1,3-dienes in Mononuclear (**A--D**) and Dinuclear Metal DAD Complexes (**E**, **F**)](ao0c02414_0005){#sch2}

Metal DAD complexes comprising the ligand in its enediamide form are known for the lanthanide elements,^[@ref6]−[@ref15]^ early transition-metals^[@ref16]−[@ref25]^ and some late transition-metals.^[@ref26],[@ref27]^ Enediamide complexes have also found some practical applications. Recently, it was demonstrated that an Yb(III) enediamide complex behaves as a single-ion magnet,^[@ref14]^ whereas several group 4 metal enediamide complexes turned out to be useful homogeneous catalysts for the ring-opening polymerization of cyclic esters^[@ref9]^ and for olefin polymerization.^[@ref23]^

The general synthetic route to metal enediamide complexes involves the treatment of metal halide precursors with the alkali metal derivatives of the enediamide dianions.^[@ref6],[@ref8]−[@ref11],[@ref13],[@ref20],[@ref28]^ The preparation of the latter can be achieved by 2-electron reduction of the free DAD ligands with an excess (\>2 equiv) of alkali metals (M = Li, Na, K) in coordinating solvents such as tetrahydrofuran (THF) or 1,2-dimethoxyethane (DME). This results in the formation of orange solutions of M~2~DAD with can be directly used for salt-metathetical reactions with metal halides. Frequently employed DAD ligands include derivatives with sterically demanding 2,6-diisopropylphenyl (Dipp) groups at the N atoms, for example, 1,4-bis(2,6-diisopropylphenyl)-1,4-diaza-1,3-butadiene (**1**, = ^H2^DAD^Dipp^) and 1,4-bis(2,6-diisopropylphenyl)-2,3-dimethyl-1,4-diaza-1,3-butadiene (**2**, = ^Me2^DAD^Dipp^) ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). These ligands can be easily prepared by the reaction of glyoxal or diacetyl with 2 equiv of 2,6-diisopropylaniline and isolated in the form of bright yellow crystalline solids.^[@ref29],[@ref30]^

![Representation of the Sterically Demanding Ligands ^H2^DAD^Dipp^ (**1**) and ^Me2^DAD^Dipp^ (**2**)](ao0c02414_0006){#sch3}

Several alkali metal enediamide complexes containing **1** and **2** have already been described in the previous literature, but these are limited to Li, Na, and K thus far. In a recent contribution, we have shown that the molecular structures of these compounds are predominantly governed by the substituents at the DAD ligand and less by the choice of metal.^[@ref31]^ In the complexes of all three metals Li, Na, and K, the ligand (^H2^DAD^Dipp^)^2--^ displays a more or less symmetric σ^2^-coordination to the two metal center (*cf.* type **E** in [Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}), while a mixed σ,π-coordination was always observed with the (^Me2^DAD^Dipp^)^2--^ ligand (*cf.* type **F** in [Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). We have now been interested in the question if this behavior continues when going to the heaviest of the alkali metals, Rb and Cs, or if the structures of their complexes is increasingly impacted by the higher affinity of these metals to π-coordinating ligands. We report here the synthesis and full characterization of the first rubidium and cesium enediamide complexes as well as their molecular and crystal structures as determined by X-ray crystallography.

Results and Discussion {#sec2}
======================

Synthesis and Characterization of the Rubidium and Cesium Enediamide Complexes **3--6** {#sec2.1}
---------------------------------------------------------------------------------------

As illustrated in [Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}, the first rubidium and cesium enediamide complexes derived from **1** and **2** were synthesized and fully characterized in the course of the present study. Similar to the previously reported Li, Na, and K reactions,^[@ref31]^ the stepwise reduction of **1** and **2** by the two heavy alkali metals was clearly observed by a series of typical color changes. Stirring of solutions of **1** or **2** in THF or DME with an excess of 2 equiv (to ensure total consumption of the DAD starting materials) of rubidium or cesium first resulted in the appearance of an intense dark-red color typical for the radical-anionic species (DAD)^•--^. Prolonged stirring of the reaction mixtures resulted in replacement of the very dark coloration by a significantly lighter orange color, indicating the formation of the enediamide dianion DAD^2--^. Unreacted metal was removed by filtration, and the orange filtrates were concentrated under vacuum to a small volume. The solvated products Rb~2~(^H2^DAD^Dipp^)(THF) (**3**), Cs~2~(^H2^DAD^Dipp^)(DME)~2~ (**4**), Rb~2~(^Me2^DAD^Dipp^)(THF)~4~ (**5**), and Cs~2~(^Me2^DAD^Dipp^)(THF)~4~ (**6**) crystallized directly at room temperature from the concentrated solutions.

![Synthetic Route to the Title Complexes **3--6**](ao0c02414_0007){#sch4}

All products **3--6** were isolated as deep red, plate-like or prism-like, highly air- and moisture-sensitive crystals and were fully characterized by analytical and spectroscopic methods. The mass spectra showed mainly fragment ions of the coordinated diazadiene ligands, whereas ions with higher masses appeared only with very low relative intensities. This is in accordance with the presence of highly polar alkali metal compounds. However, in contrast to the paramagnetic alkali metal derivatives of DAD radical anions,^[@ref5]^ the title complexes are diamagnetic, so that characterization by NMR spectroscopy was possible. The ^1^H and ^13^C NMR spectra in THF-*d*~8~ solution showed typical signals of the DAD ligands and the coordinated solvents. Solubility problems were only encountered in the case of cesium derivative **4**. Once isolated in the crystalline form, this compound showed a remarkably low solubility in THF and DME, so that NMR data could only be obtained in pyridine-*d*~5~, where the partial overlap with the solvent resonance precluded a complete assignment of all signals. Generally, all compounds showed one set of DAD ligand signals in their ^1^H and ^13^C NMR spectra, and the shifts resembled the values observed for the corresponding Li, Na, and K analogs.^[@ref31]^ As illustrated in [Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}, the formation of the title complexes **3--6** is accompanied by a two-electron reduction of the neutral 1,4-diazadienes to the metal-coordinated enediamide dianion. This is clearly evidenced by significant changes in the ^1^H and ^13^C NMR spectra of the Rb and Cs complexes in comparison the spectra of the DAD precursors **1** and **2**. Particularly informative in this respect are the signals of the central −NC(R)C(R)N-- unit (R = H, CH~3~). For example, the central CH resonance signal in **1** is observed at δ 8.14 ppm, whereas it appears as a broad peak at δ 5.48--5.65 ppm in the spectrum of Rb complex **3** (in the ^1^H NMR spectrum of **4**, this signal is hidden underneath the aromatic proton signals of the Dipp moieties). Similar shifts are observed for the central CH~3~ signals in the free ligand **2** (δ 2.08 ppm) versus the metal complexes **5** (δ 1.62 ppm) and **6** (δ 1.56 ppm). In the ^13^C NMR spectra of the free ligands the signals of the central DAD carbon atoms are observed at δ 168.8 ppm (**1**, N=*C*H−) and δ 164.2 ppm (**2**, N=*C*(Me)−), respectively. Metal complexation and enediamide formation leads to an upfield shift of these signals by *ca.* 40 ppm (**3**: 121.8; **4**: 122.9; **5**: 121.5, **6**: 121.8 ppm). Raman spectra could be obtained for ^H2^DAD^Dipp^-derived compounds **3** and **4** (see [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02414/suppl_file/ao0c02414_si_001.pdf)). The spectrum of compound **3** shows a strong and broad luminescence background peaking around 660 nm (about 3500 cm^--1^ for 532 nm laser excitation), and the spectra of both compounds are characterized by a variety of Raman lines between 400 and 1700 cm^--1^. Dominating are lines between 1100 and 1700 cm^--1^ for compound **3** (1000 and 1600 cm^--1^ for compound **4**), whereas all lines below 1000 cm^--1^ are very faint. While a specialized theoretical description is lacking, we note that a very simple harmonic oscillator model is able to describe the shifts of some Raman signals between compounds **3** and **4**, assuming reduced masses for nitrogen and M (M = Rb, Cs). The triplet of bands at 1557, 1590, and 1647 cm^--1^ for compound **3** shifts to 1524, 1553, and 1585 cm^--1^ for compound **4**, yielding a constant frequency ratio of around 0.97. The same ratio is found for the 1047 cm^--1^ mode in compound **3** (1016 cm^--1^ in compound **4**) which is nearly equal to the square root of the reduced mass ratio. This is on the same order as the observed Raman mode shifts in RbN~3~ and CsN~3~^[@ref32],[@ref33]^ and can pave the way for microscopically identifying these bands.

Molecular and Crystal Structures of the Rubidium and Cesium Enediamide Complexes **3--6** {#sec2.2}
-----------------------------------------------------------------------------------------

Similar to their lighter alkali metal homologues,^[@ref31]^ compounds **3--6** display in their crystal structures well-defined M~2~DAD units with the two metal atoms being attached to the central enediamide unit. Experimental details on the crystal structure determinations are summarized in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}. As outlined previously,^[@ref31]^ the geometric structure of the M~2~DAD core can be described using the displacement angle δ, which can be defined as the angle between the MN~2~ coordination plane and the C~2~N~2~ plane of the DAD ligand. A comparison of the M~2~(DAD) structural cores of **3--6** is illustrated in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}, and important geometric parameters for all alkali metal complexes are listed in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}.

![Comparison of the M~2~(DAD) structural cores in compounds **3--6** showing the displacement angles δ for the metal atoms.](ao0c02414_0001){#fig1}

###### Crystal Data and Details on Structure Refinement for Compounds **3--6**

  compound                             **3**                   **4**                                      **5**·0.5 THF                               **6**·THF
  ------------------------------------ ----------------------- ------------------------------------------ ------------------------------------------- -------------------------------------------
  CCDC deposition number               1960467                 1960468                                    1960469                                     1960470
  molecular formula sum                C~30~H~44~N~2~ORb~2~    C~32~H~51~Cs~2~N~2~O~3~                    C~92~H~152~N~4~O~9~Rb~4~                    C~48~H~80~Cs~2~N~2~O~5~
  formula weight/g mol^--1^            619.61                  777.56                                     1800.05                                     1030.96
  crystal system                       monoclinic              triclinic                                  monoclinic                                  monoclinic
  space group                          *P*2~1~/*n*             *P*1̅                                       *P*2~1~/*c*                                 *C*2/*c*
  cell metric *a*/Å                    13.2032(1)              11.0782(7)                                 36.5255(7)                                  39.16(2)
  *b*/Å                                17.7108(1)              13.4018(8)                                 12.5779(2)                                  12.227(4)
  *c*/Å                                13.3568(1)              13.8529(8)                                 21.3866(5)                                  21.282(7)
  α/deg                                90                      64.885(4)                                  90                                          90
  β/deg                                104.055(1)              85.879(5)                                  105.589(2)                                  104.40(4)
  γ/deg                                90                      69.433(5)                                  90                                          90
  cell volume/Å^3^                     3029.84(4)              1736.3(2)                                  9463.9(3)                                   9870(8)
  molecules per cell *z*               4                       2                                          4                                           8
  electrons per cell *F*~000~          1280                    782                                        3808                                        4256
  calcd. density ρ/g cm^--3^           1.358                   1.487                                      1.263                                       1.388
  diffractometer                       Xcalibur, Atlas, Nova   STOE IPDS 2T                               STOE IPDS 2T                                STOE IPDS 2T
  *T*/K                                100(2)                  153(2)                                     133(2)                                      100(2)
  μ/mm^--1^ (radiation)                4.353 (Cu Kα)           2.131 (Mo Kα)                              2.110 (Mo Kα)                               1.521 (Mo Kα)
  absorption correction                multi-scan^[@ref34]^    numerical^[@ref35]^                        numerical^[@ref35]^                         numerical^[@ref35]^
  crystal shape and color              red prism               red rod                                    red plate                                   orange plate
  crystal size/mm                      0.12 × 0.08 × 0.04      0.35 × 0.16 × 0.14                         0.45 × 0.20 × 0.14                          0.17 × 0.12 × 0.07
  θ range/deg                          4.223--74.992           2.144--5.999                               1.897--24.999                               1.943--25.199
  reflections collected                94,285                  15,109                                     48,333                                      26,718
  reflections unique                   6244                    6806                                       16,209                                      8878
  reflections with *I* \> 2σ(*I*)      5938                    5688                                       11,844                                      7592
  completeness of dataset              99.9%                   99.7%                                      97.4%                                       99.7%
  *R*~int~                             0.0394                  0.0413                                     0.0720                                      0.0628
  parameters; restraints               324; 0                  401; 136[a](#t1fn1){ref-type="table-fn"}   1078; 210[a](#t1fn1){ref-type="table-fn"}   756; 2939[a](#t1fn1){ref-type="table-fn"}
  *R*~1~ (all data, *I* \> 2σ(*I*))    0.0247; 0.0234          0.0351; 0.0251                             0.0825; 0.0517                              0.0760; 0.0624
  w*R*~2~ (all data, *I* \> 2σ(*I*))   0.0599; 0.0589          0.0572; 0.0546                             0.1186; 0.1060                              0.1378; 0.1321
  GooF (*F*^2^)                        1.027                   0.990                                      1.036                                       1.211
  Max. residual peaks                  --0.610; 0.581          --0.683; 0.748                             --0.561; 0.792                              --1.240; 0.695
  extinction coefficient                                                                                                                              0.00059(4)

Restraints were applied on the interatomic distances and anisotropic displacement parameters within disordered solvent molecules (THF or DME).

###### Selected Geometric Parameters of Alkali Metal Enediamide Complexes (δ Angles in °, Interatomic Distances in pm)

  M                      metal fragment               δ                  M--N                 M···C                C=C                  C--N
  ---------------------- ---------------------------- ------------------ -------------------- -------------------- -------------------- --------------------
  M~2~(^H2^DAD^Dipp^)                                                                                                                   
  Li^[@ref29]^           σ-Li(DME)                    64.1(1)            203.2(2), 209.9(2)   240.5(2), 240.9(2)   136.2(2)             140.5(1)
  Na^[@ref29]^           σ-Na(DME)                    49.9(1)            239.2(1), 239.4(1)   289.4(1), 289.8(1)   135.5(2)             140.0(2), 140.5(2)
                         σ-Na(diglyme)                70.1(1)            243.2(1), 244.1(2)   269.6(1), 269.7(1)                         
  K^[@ref29]^            σ-K(μ-THF)(THF)~2~           40.6(2)--67.4(2)   255.0(3)--267.3(3)   286.7(3)--321.7(3)   136.7(4)             139.1(4), 141.1(4)
  Rb                     Rb(η^6^-Dipp)                64.2(2)            279.2(1), 288.3(1)   313.3(2), 316.2(2)   136.5(2)             139.8(2), 139.1(2)
                         Rb(THF)(η^6^-Dipp)           78.2(2)            291.7(1), 295.9(2)   303.6(2), 305.7(2)                         
  Cs                     Cs(κ^1^-DME)(η^6^-Dipp)      72.7(1)            299.6(2), 304.7(2)   320.3(2), 326.7(2)   137.2(4)             138.0(4), 138.2(3)
                         Cs(κ^2^-DME)(η^4^-Dipp)      74.1(1)            309.4(2), 314.5(2)   329.8(2), 333.2(2)                         
  M~2~(^Me2^DAD^Dipp^)                                                                                                                  
  Li^[@ref29]^           σ-Li(μ-THF)(THF)             23.8(2)            201.9(5), 204.5(4)   279.8(4), 280.8(5)   136.2(3)             141.7(3), 142.0(3)
                         π-Li(μ-THF)(THF)             77.6(2)            201.0(5), 203.1(5)   226.0(5), 226.1(5)                         
  Na^[@ref29]^           σ-Na(THF)~2~                 38.2(1)            235.4(2), 238.6(2)   304.8(2), 305.8(3)   137.0(3)             140.9(3), 142.0(3)
                         π-Na(THF)~2~                 76.6(1)            238.0(2), 238.8(2)   260.8(2), 261.0(2)                         
  K^[@ref29]^            σ-K(μ-THF)(THF)~2~           29.6(2)--30.5(2)   272.5(2)--281.8(2)   348.1(3)--354.9(3)   136.0(4), 136.2(4)   140.8(3)--142.1(4)
                         π-K(μ-THF)(η^3^-Dipp)        75.7(2)            268.0(2), 276.3(2)   289.9(3), 293.6(3)                         
                         π-K(μ-THF)(THF)(η^1^-Dipp)   72.8(1)            268.6(2), 271.3(2)   295.4(2), 296.0(3)                         
  Rb                     σ-Rb(THF)~3~                 35.4(3)--36.9(3)   286.8(3)--295.1(4)   360.1(4)--363.8(4)   136.2(6)--136.7(6)   140.5(6)--141.4(4)
                         π-Rb(THF)(η^4^-Dipp)         80.0(3)--80.9(3)   288.6(4)--291.8(4)   302.7(4)--305.7(4)                         
  Cs                     σ-Cs(THF)~3~                 28.1(6)            299.3(4), 304.7(4)   381.3(6), 382.7(6)   133.4(9)             139.7(8), 141.2(7)
                         π-Cs(THF)(η^6^-Dipp)         88.1(6)            308.2(6), 312.5(5)   310.0(7), 313.4(7)                         

Comparison of the M~2~(DAD) structures in **3--6** revealed a similar picture as for the Li, Na, and K complexes, as the molecular conformation is predominantly governed by the ligand and less by the metal.^[@ref31]^ In compounds **3** and **4**, the (^H2^DAD^Dipp^)^2--^ ligand displays a σ^2^-coordination to the two metal atoms (*cf.* structure **E** in [Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). In **4**, both Cs atoms are coordinated quite symmetrically with δ values of 72.7(1) and 74.1(1)°, while the coordination is less symmetric for the Rb atoms in **3** \[δ 64.2(2) and 78.2(2)°\]. Generally, the observed displacement angles for the Rb and Cs atoms are relatively large as compared to the Li, Na, and K cases (41--70°), thus arguing for an increased contribution of π-coordination of the DAD backbone in **3** and **4**. In the (^Me2^DAD^Dipp^)^2--^ complexes **5** and **6**, the M~2~(DAD) motif is less symmetric and comprises one metal atom which is situated close to the ligand's C~2~N~2~ plane, and one metal atom which is attached "side-on" to the enediamide unit (σ,π-coordination, *cf.* structure **F** in [Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). Consequently, the molecular structures of **5** and **6** are similar to those of their lighter homologues. However, the displacement angle of the π-coordinated metal atom is closer to 90° in **5** (81°) and **6** (88°) than in the Li, Na, and K complexes (76--78°),^[@ref31]^ which indicates again a more efficient π-coordination for Rb and Cs. For the σ-coordinated metal atom in the (^Me2^DAD^Dipp^)^2--^ complexes, no systematic dependency on the metal ionic radius was observed, and the respective δ values for **5** and **6** are in the range observed for the Li, Na, and K derivatives.

A significant structural difference between **3--6** and their Li, Na, and K analogues is that the metal atoms are predominantly coordinatively saturated by π-coordinated Dipp substituents rather than σ-coordinated solvent molecules. In **3** and **4**, dual M···Dipp contacts between the M~2~(^H2^DAD^Dipp^) units (best described as η^6^ and η^6^ for **3**, and η^6^ and η^4^ for **4**) lead to the formation of ribbon-like polymeric chains ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}). The different degrees of solvation are assumedly supported by the different metal ionic radii of Rb and Cs. In **3**, the spacial conditions allow for additional coordination of only one THF molecule to one of the rubidium atoms (Rb1). In contrast, **4** contains two types of coordinated DME molecules: one is attached to a cesium atom (Cs2) in a typical κ*O*,κ*O*′-bidentate mode, and the other one links two symmetry-equivalent Cs atoms (Cs1, Cs1′) of adjacent chains in a κ*O*/κ*O*′-bridging mode. The result is a two-dimensional polymeric structure for **4**, which is in agreement with the observed exceedingly low solubility of this compound.

![Polymeric ribbon structures of **3** (a) and **4** (b), formed by intermolecular π-Dipp coordination. In **4**, the π-bonded ribbons are further aggregated into a two-dimensional polymer structure by κ*O*/κ*O*′-bridging DME ligands. Isopropyl substituents and hydrogen atoms omitted for clarity.](ao0c02414_0002){#fig2}

In **5** and **6**, only the π-coordinated metal atom is coordinatively saturated by a Dipp group of an adjacent molecule (**5**: η^4^; **6**: η^6^), thus forming a polymeric zigzag-chain structure rather than a two-stranded ribbon ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}). Different from **4** and **5**, the degree of solvation is equal in **5** and **6**. In both compounds, the σ-coordinated metal atom is coordinatively saturated by the three THF ligands, and the π-coordinated metal atom has one additional THF ligand. Aggregation of the M~2~(^Me2^DAD^Dipp^) units through intermolecular Dipp-π coordination has been previously observed in the potassium complex, and also, in this case exclusively, the DAD-π-coordinated metal center prefers Dipp groups over solvent THF for coordinative saturation. The Dipp coordination in the related potassium complex is less pronounced than in **5** and **6**, ranging from η^1^- to η^3^-interactions.^[@ref31]^

![Polymeric zigzag-chain structures of **5** (a) and **6** (b), formed by intermolecular π-Dipp coordination. Isopropyl substituents and hydrogen atoms omitted for clarity.](ao0c02414_0003){#fig3}

Similar to those observed for the related Li, Na, and K derivatives,^[@ref31]^ the M--N distances in **3--6** do not show a significant difference between σ- and π-coordinated metal atoms, while the M···C separations correlate with the respective δ angle (*cf.*[Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}). The C--N and C=C bond lengths within the enediamide unit are virtually identical with those reported for the lighter alkali metal complexes.

Conclusions {#sec3}
===========

In summarizing the work reported here, we succeeded in the preparation and characterization of the first rubidium and cesium enediamide complexes derived from the sterically demanding 1,4-diaza-1,3-diene ligands 1,4-bis(2,6-diisopropylphenyl)-1,4-diaza-1,3-butadiene (**1**, = ^H2^DAD^Dipp^) and 1,4-bis(2,6-diisopropylphenyl)-2,3-dimethyl-1,4-diaza-1,3-butadiene (**2**, = ^Me2^DAD^Dipp^). Single-crystal X-ray structure determination revealed the presence of similar core structures as known for the related Li, Na, and K complexes. All the alkali metal derivatives of **1** display a σ^2^-coordination, while in all complexes derived from **2**, a less symmetric σ,π-coordination was observed. Accordingly, different alkali metal complexes with the same ligand are structurally more similar than complexes of a particular alkali metal with different enediamide ligands, thus confirming the finding observed previously for the Li, Na, and K derivatives.^[@ref31]^ Interestingly, the increased affinity of rubidium and cesium to π-coordination ligands is reflected in the M~2~(DAD) core structures only to a small extent, but much more with regard to the coordinative saturation of the metal atoms by *additional* donating moieties. Therefore, the tendency to aggregate through intermolecular π-Dipp coordination, which has been previously seen with the potassium complex K~2~(^Me2^DAD^Dipp^)(THF)~3.5~,^[@ref31]^ is considerably stronger in the rubidium and cesium complexes **3--6**. This behavior results in the formation of extended π-coordination polymeric structures and different properties of the rubidium and cesium compounds, such as a significantly reduced solubility.

Experimental Section {#sec4}
====================

General Procedures {#sec4.1}
------------------

All operations were performed with the rigorous exclusion of air and moisture under an inert atmosphere of dry argon, employing standard Schlenk, high-vacuum and glovebox techniques (MBraun MBLab; \<1 ppm O~2~, \<1 ppm H~2~O). THF, DME, and toluene were dried over sodium/benzophenone and freshly distilled under a nitrogen atmosphere prior to use. All glassware was oven dried at 120 °C for at least 24 h, assembled while hot, and cooled under vacuum prior to use. The starting materials **1** and **2** were prepared according to literature procedures.^[@ref29],[@ref30]^ Metallic rubidium and cesium were purchased from Sigma-Aldrich. **Caution:** Metallic rubidium and cesium are highly reactive and must be stored in a dry box. Utmost care should be exercised when destroying unreacted metal residues. This should be done by a reaction with excess *t*-butanol under nitrogen in order to avoid risk of fire! The NMR spectra were measured in THF-*d*~8~ solutions using Bruker AVANCE III 400 machine (5 mm BBO, ^1^H: 400.1 MHz; ^13^C: 100.6 MHz). ^1^H and ^13^C shifts are referenced to internal solvent resonances and reported in parts per million relative to tetramethylsilane. IR spectra were measured using an ATR IR spectrometer Bruker Vertex V70. Mass spectra (EI, 70 eV) were run on a MAT 95 apparatus. Raman spectra were measured using a TriVista 777 (S&I, Germany). The excitation laser wavelength was 532 nm, laser power was set to be below 2.5 mW at the samples to avoid decomposition. Only the Stokes side of the Raman spectra was recorded. All spectra were taken at room temperature. The spectral background was removed by applying a Fourier filtering technique. Microanalyses of the title compounds were performed using a VARIO EL cube. For details on the single-crystal X-ray crystallographic studies, see [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}. The crystal structures reported in this article were solved with SHELXT-2016^[@ref36]^ and refined by full matrix least-squares methods on F^[@ref2]^ using SHELXL-2016.^[@ref37]^

Synthesis of Rb and Cs Complexes Derived from 1,4-Bis(2,6-diisopropylphenyl)-1,4-diaza-1,3-butadiene (**1**, = ^H2^DAD^Dipp^) and 1,4-Bis(2,6-diisopropylphenyl)-2,3-dimethyl-1,4-diaza-1,3-butadiene (**2**, = ^Me2^DAD^Dipp^) (General Procedure) {#sec4.2}
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Specified amounts of **1** or **2** were dissolved in THF or DME and an excess of metallic rubidium or cesium was added. The mixture was stirred at room temperature until the typical color change from yellow (free DAD ligand) over dark red (DAD radical anion) to orange (DAD dianion) had occurred (*ca.* 24 h). Residual metal particles were removed by filtration, and the orange filtrate was concentrated *in vacuo* to a total volume of ca. 20 mL. Crystallization at 5 °C provided the crystals of the title compounds which were isolated by filtration and briefly dried under vacuum.

### Rb~2~(^H2^DAD^Dipp^)(THF) (**3**) {#sec4.2.1}

From Rb metal (0.68 g, 7.96 mmol) and **1** (1.0 g, 2.66 mmol) in 70 mL of THF. Yield of red prisms: 1.32 g (80%). mp 120 °C (dec.). Anal. Calcd for C~30~H~44~N~2~ORb~2~ (*M*~r~ = 619.63): C, 58.15; H, 7.16; N, 4.52. Found: C, 57.65; H, 6.82; N, 4.66. ^1^H NMR (400 MHz, THF-*d*~8~, 22 °C): δ 6.49--6.60 (m~br~, 6H, C*H*-Dipp), 5.48--5.65 (m~br~, 2H, C*H*-DAD), 3.81 (s~br~, 4H, (CH~3~)~2~C*H*Dipp), 3.65 (m, THF), 1.81 (m, THF), 1.09--1.15 (m~br~, 24H, (C*H*~3~)~2~CHDipp) ppm. ^13^C NMR (100 MHz, THF-*d*~8~, 22 °C): δ 155.7 (*C*Dipp), 135.4 (*C*Dipp), 123.0 (*C*HDipp), 121.8 (*C*H-DAD), 107.8 (*C*HDipp), 68.2 (THF), 27.7 ((CH~3~)~2~*C*HDipp), 26.3 (THF), 23.0 ((*C*H~3~)~2~CHDipp) ppm. MS (EI): *m*/*z* (rel. int.) 603 (100) \[M--Me\]^+^, 428 (71) \[M--THF--2^*i*^Pr--2Me\]^+^, 376 (9) \[DAD\]^+^, 333 (71) \[DAD--^*i*^Pr\]^+^. IR (ATR): ν 2959 m (ν~s~ CH~aliph~), 2862 m (ν~as~ CH~aliph~), 1574 s (ν C=C~Ring~), 1529 w (ν C=C~Ring~), 1460 w (δ~as~ CH~aliph~), 1378 versus (δ~s~ CH~aliph~), 1134 m (ν C--N), 1096 versus (ν~as~ C--O--C), 769 m (δ CH~Ring~), 736 versus (δ CH~Ring~) cm^--1^.

### Cs~2~(^H2^DAD^Dipp^)(DME)~1.5~ (**4**) {#sec4.2.2}

From Cs metal (1.0 g, 7.52 mmol) and **1** (1.0 g, 2.66 mmol) in 70 mL of DME. Yield of red prisms: 1.85 g (89%). mp 138 °C (dec.). Anal. Calcd for C~32~H~51~Cs~2~N~2~O~3~ (*M*~r~ = 777.59): C, 49.43; H, 6.61; N, 3.60. Found: C, 48.77; H, 6.48; N, 3.82. ^1^H NMR (400 MHz, pyridine-*d*~5~, 22 °C): δ 6.88--6.94 (m~br~, 8H, C*H*-Dipp + C*H*-DAD), 3.99--4.13 (m~br~, 4H, (C*H*~3~)~2~C*H*Dipp), 3.48 (s, 4H, DME), 3.26 (s, 6H, DME), 1.32 (d, 24H, ^3^*J* = 6.8 Hz, (C*H*~3~)~2~CHDipp) ppm. ^13^C NMR (100 MHz, pyridine-*d*~5~, 22 °C): δ 139.5 (*C*Dipp), 123.4 (*C*HDipp), 122.9 (*C*H-DAD), 117.6 (*C*HDipp), 72.0 (DME), 58.6 (DME), 28.2 ((CH~3~)~2~*C*HDipp), 24.8 ((*C*H~3~)~2~CHDipp) ppm. MS (EI): *m*/*z* (rel. int.) 406 (4) \[CsDAD-2^*i*^Pr--Me--2H\]^+^, 378 (20) \[DAD + 2H\]^+^, 361 (21) \[DAD--Me\]^+^, 333 (86) \[DAD--^*i*^Pr\]^+^, 162 (100) \[Dipp + H\]^+^. IR (ATR): ν 2953 m (ν~s~ CH~aliph~), 2861 m (ν~as~ CH~aliph~), 1576 m (ν C=C~Ring~), 1523 w (ν C=C~Ring~), 1451 w (δ~as~ CH~aliph~), 1387 versus (δ~s~ CH~aliph~), 1133 s (ν C--N), 1092 s (ν~as~ C--O--C), 743 m (δ CH~Ring~), 730 versus (δ CH~Ring~) cm^--1^.

### Rb~2~(^Me2^DAD^Dipp^)(THF)~4~ (**5**)·0.5 THF {#sec4.2.3}

From Rb metal (0.85 g, 10 mmol) and **2** (2.0 g, 4.9 mmol) in 100 mL of THF. Yield of red plates: 3.6 g (81%). mp 240 °C (dec.). Anal. Calcd for C~46~H~76~N~2~O~4.5~Rb~2~ (*M*~r~ = 900.04): C, 61.39; H, 8.51; N, 3.11. Found: C, 61.58; H, 8.55; N, 3.21. ^1^H NMR (400 MHz, THF-*d*~8~, 22 °C): δ 6.61 (d, ^3^*J*~HH~ = 7.6 Hz, 4H, C*H*-Dipp), 5.90 (t, 2H, C*H*-Dipp), 3.70 (sep, ^3^*J*~HH~ = 6.8 Hz, 4H, (CH~3~)~2~C*H*Dipp), 3.6 (m, THF), 1.76 (m, THF), 1.62 (s, 6H, DAD-C*H*~3~), 1.21 (d, ^3^*J*~HH~ = 6.8 Hz, 12H, (C*H*~3~)~2~CHDipp), 1.02 (d, ^3^*J*~HH~ = 7.2 Hz, 12H, (C*H*~3~)~2~CHDipp) ppm. ^13^C NMR (100 MHz, THF-*d*~8~, 22 °C): δ 155.0 (*C*Dipp), 136.4 (*C*Dipp), 123.0 (*C*HDipp), 121.5 (*C*Me-DAD), 108.2 (*C*HDipp), 68.2 (THF), 27.4 ((CH~3~)~2~*C*HDipp), 26.3 (THF), 26.0 ((*C*H~3~)~2~CHDipp), 24.5 ((*C*H~3~)~2~CHDipp), 19.1 (DAD-*C*H~3~) ppm. MS (EI): *m*/*z* (rel. int.) 633 (1%) \[M^+^--(H, 2CH~3~, C~4~H~6~, 2THF)\], 581 (1%) \[M^+^--(2H, 9CH~3~, 2THF)\], 420 (1%) \[M^+^--(4C~3~H~7~, C~4~H~6~, 3THF)\], 406 (89%) \[^Me2^DAD^Dipp^ + 2H\], 361 (83%) \[^Me2^DAD^Dipp^--C~3~H~7~\], 202 (95%) \[^Me2^DAD^Dipp^--(2CH~3~, 4C~3~H~7~)\], 806 (1%), 500 (1%), 391 (2%), 228 (5%), 214 (9%), 204 (100%), 188 (79%), 176 (73%), 173 (68%), 160 (90%). IR (ATR): ν 2953 m (ν~s~ CH~aliph~), 2861 m (ν~as~ CH~aliph~), 1577 m (ν C=C~Ring~), 1523 m (ν C=C~Ring~), 1457 m (δ~as~ CH~aliph~), 1402 versus (δ~s~ CH~aliph~), 1133 m (ν C--N), 1097 m (ν~as~ C--O--C), 737 s (δ CH~Ring~) cm^--1^.

### Cs~2~(^Me2^DAD^Dipp^)(THF)~4~ (**6**)·THF {#sec4.2.4}

From Cs metal (1.33 g, 10 mmol) and **2** (2.0 g, 4.9 mmol) in 100 mL of THF, followed by crystallization at 5 °C. Yield of orange plates: 4.06 g (80%). mp 229 °C. Anal. Calcd for C~48~H~80~Cs~2~N~2~O~5~ (*M*~r~ = 1030.97): C, 55.92; H, 7.82; N, 2.72. Found: C, 55.35; H, 7.44; N, 3.00. ^1^H NMR (400 MHz, THF-*d*~8~, 22 °C): δ 6.61 (d, ^3^*J*~HH~ = 7.6 Hz, 4H, C*H*-Dipp), 5.88 (t, 2H, C*H*-Dipp), 3.76 (sep, 4H, (CH~3~)~2~C*H*Dipp), 3.6 (m, THF), 1.76 (m, THF), 1.56 (s, 6H, DAD-C*H*~3~), 1.17 (d, ^3^*J*~HH~ = 6,8 Hz, 12H, (C*H*~3~)~2~CHDipp), 1.03 (d, ^3^*J*~HH~ = 6,0 Hz, 12H, (C*H*~3~)~2~CHDipp) ppm. ^13^C NMR (100 MHz, THF-*d*~8~, 22 °C): δ 154.0 (*C*Dipp), 136.0 (*C*Dipp), 123.6 (*C*HDipp), 121.7 (*C*Me-DAD), 108.1 (*C*HDipp), 68.2 (THF), 27.2 ((CH~3~)~2~*C*HDipp), 26.3 (THF), 25.4 ((*C*H~3~)~2~CHDipp), 24.8 ((*C*H~3~)~2~CHDipp), 19.6 (DAD-*C*H~3~) ppm. MS (EI): *m*/*z* (rel. int.) 898 (1%) \[M^+^--4CH~3~\], 806 (93%) \[M^+^--(C~6~H~9~, THF)\], 761 (5%) \[M^+^--(2H, C~6~H~9~, C~3~H~7~, THF)\], 406 (72%) \[^Me2^DAD^Dipp^ + 2H\], 361 (72%) \[^Me2^DAD^Dipp^--C~3~H~7~\], 202 (98%) \[^Me2^DAD^Dipp^--(2CH~3~, 4 C~3~H~7~)\], 1013 (1%), 848 (1%), 666 (1%), 604 (7%), 501 (15%), 417 (8%), 387 (8%), 335 (34%), 313 (6%), 285 (15%), 204 (100%), 188 (46%), 179 (54%), 160 (64%). IR (ATR): ν 2958 s (ν~s~ CH~aliph~), 2859 m (ν~as~ CH~aliph~), 1576 s (ν C=C~Ring~), 1528 w (ν C=C~Ring~), 1459 m (δ~as~ CH~aliph~), 1403 versus (δ~s~ CH~aliph~), 1135 m (ν C--N), 1097 m (ν~as~ C--O--C), 744 s (δ CH~Ring~) cm^--1^.
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